ABSTRACT
INTRODUCTION
It has been established that women experience fluctuations in body mass throughout their menstrual cycle (29, 32) . These fluctuations have been attributed to shifts in fluid retention, referred to as bloating, at certain phases of the menstrual cycle (32) . These shifts in fluid retention have been partially attributed to hormonal changes that women experience throughout each phase of the cycle (6) , though this relationship is not fully understood. The variation of body mass and fluid adjustments throughout the cycle have been well Body mass alone does not give a total encompassing view of the health status of an individual. In order to better identify whether or not an individual is in a healthy state, it is ideal for body composition to be established. Body composition can be estimated in a multitude of ways, and can give us an estimation of several variables including body fat percentage (BF%), lean mass, fat mass, bone mineral content, and total body water (TBW), depending on which method is used. The different methods all vary in terms of cost as well as the amount of experience needed from the tester to perform the assessment correctly. BF% results can be practically applied across many different subgroups of people. In the general population, BF% is a useful estimate in tracking progress in a fitness or weight loss regimen. Additionally, it can also be used in athletic populations to track the advancements in performance as they train for their particular sport. BF% is also used to identify if an individual is at a risk of developing cardiovascular or metabolic disease.
These uses of body composition estimates are the reason that having the most accurate estimation of BF% is important. There are certain testing protocols that the manufacturers of body composition equipment set forth in order to ensure the most valid and reliable results. In order to get the most accurate estimates across methodologies, participants are generally asked to test when fasted and adequately hydrated. Additionally, participants are asked to refrain from exercise prior to testing to ensure that there is not an elevated body temperature or dehydration from sweat loss. Due to possible fluid retention, weight gain, and hormonal fluctuations that are happening throughout the menstrual cycle, it has been questioned as to whether or not menses could negatively impact the consistency of these assessments. It remains uncertain whether or not women should be tested while on their menstrual cycle.
The menstrual cycle can be depicted in three separate phases over an estimated 28 day period: the menstrual (days [1] [2] [3] [4] [5] , proliferative (days [6] [7] [8] [9] [10] [11] [12] [13] [14] , and secretory (days [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] phase (20) . Each phase represents changes in the endometrial lining of the uterus in response to a fluctuation in ovarian hormones. These menstrual cycle phases are in concurrence with the phases of the ovarian cycle, which encompasses follicular maturation and hormonal fluctuations that occur with the stages of follicle development within the ovary. The ovarian cycle can be explained in three phases: the follicular phase (follicular maturation), ovulation (the release of the ovum from the mature follicle) and the luteal phase (corpus luteum develops from the ruptured follicle). The follicular phase coincides with the menstrual and proliferative phases (days [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] , with ovulation occurring mid-cycle (estimated day 14) and the luteal phase coinciding with the secretory phase of the menstrual cycle (20) .
Some research has been done to document body composition throughout different stages of the menstrual cycle, however these investigations are limited to single frequency bioelectrical impedance analysis (BIA) (6, 8, 10, 22, 26, 29) . This methodology was likely chosen due to its reliance on TBW to in turn estimate BF%. In 2010, Daniusevičiūtė and colleagues (6) researched whether changes in estrogen levels would impact body mass and fluid retention International Journal of Exercise Science http://www.intjexersci.com 1237 levels between day two of the menstrual cycle (aligning with the follicular phase) and day 14 of the cycle (estimated ovulation) using the Tanita 300-A analyzer. Though estrogen levels were significantly higher at ovulation as compared to menstruation, there was not a significant change in BF% or TBW between the two phases, suggesting that differing levels of estrogen may not have an effect on fluid retention changes as originally hypothesized. These results are similar to the findings of Stachenfeld, who reported that changes in estrogen levels only mildly affected total body water estimates in healthy young women (26) .
Some earlier studies testing body composition reliability throughout the menstrual cycle utilized BIA assessments via electrode placement on specific portions of the upper and lower limbs of the participant. In 2002, Gualdi-Russo and Toselli (10) assessed the influence of various factors, including the menstrual cycle, on BIA. Body composition was estimated between days 9 and 17 of their cycle (pre-ovulatory or secretory phase) and between days 5 and 8 of their cycle (end of menstruation or proliferative phase) (10) . No significant differences in BF% were reported during the two different points of the cycle (10) . In 1989, Gleichauf and Roe (8) researched reliability of BIA measurements throughout the menstrual cycle. BF% saw no significant changes, suggesting that BIA assessment appeared reliable throughout the menstrual cycle of a healthy female (8) .
Though it is clear that fluid retention shifts throughout the cycle, it is unclear as to whether or not this would yield significant differences in TBW estimates as women progress through menstrual phases. In 2006, Tomazo-Ravnik and Jakopic (29) used the Tanita TBF-215 analyzer to estimate body composition during three separate phases of the menstrual/ovarian cycle: menstruation, late follicular phase, and middle luteal phase. TBW was only significantly different between the late follicular phase and middle luteal phase. Though TBW saw some fluctuations throughout the cycle, there were not significant differences found in BF% throughout any phases of the cycle (29). TBW also saw significant fluctuations in a study conducted by Mitchel et al. (22) where total body water was significantly higher in the late luteal phase in comparison to ovulation and the early luteal phase.
It remains unclear as to whether or not physiological changes occurring throughout a single menstrual cycle could alter the BF% estimates given by different methods. It has been predicted that that these body mass and fluid retention shifts could be associated with changing levels of body satisfaction (5, 27) . Previous research has noted levels of higher appearance anxiety and negative body image thoughts were associated with higher levels of fluid retention throughout the menstrual cycle (5) . Based on these results, it is hypothesized that increased levels of fluid retention, or bloating, could potentially cause women to feel anxiety that BF% estimates could be higher throughout menses. With this in mind, women with increased feelings of bloating may potentially not want to test on their cycle for fear of inaccurate results. Though past research has suggested that body composition does not seem to be significantly affected by the menstrual cycle, each study identified has only used BIA technology with a single frequency of either 50 kHz (6, 8, 29) or 100 kHz (10) . BIA technology has evolved tremendously, with the ability to utilize multiple frequencies of up to 1000 kHz for body composition analyses. Research is needed to indicate whether these multi-frequency International Journal of Exercise Science http://www.intjexersci.com 1238 bioelectric impedance analyzers are more sensitive to changes occurring throughout the menstrual cycle. With these newer technologies, is possible that these higher levels of fluid retention, and therefore body dissatisfaction, during menses could be associated with changes in body composition estimates.
Finally, no research was found using air displacement plethysmography (ADP) or dual-energy x-ray absorptiometry (DXA) to assess body composition changes throughout the menstrual cycle. ADP utilizes body volume to estimate BF% and fat-free mass. With this in mind, fluid retention and weight gain could have a significant effect on body volume and thus BF% estimates. Additional research is needed using DXA technology. Past research has documented the sensitivity that DXA has with factors such as gastrointestinal tract contents and changes in tissue hydration, both of which can cause variation in DXA results (14, 23, 28, 31) . With this in mind, it is possible that the DXA's x-ray technology could be more sensitive to changes in fluid retention that may occur throughout the cycle, which could potentially alter body composition results. Furthermore, of the research that is available, there are not results to indicate if there are differences in women who are using hormonal birth control compared to those who are not and whether or not body satisfaction and perceptions of fluid retention differ between these groups. Therefore, the purpose of this investigation was to utilize several different technologies to compare body composition assessments across two phases of the menstrual cycle, including BIA, DXA, and ADP, and to investigate if being on hormonal birth control or not would yield different results. The secondary purpose was to determine if body satisfaction or perception of fluid retention differed across phases or between groups.
METHODS

Participants
Thirty-nine females were recruited via word-of-mouth in the community and social media to a southeastern university and gave written informed consent prior to participating. In order to qualify, participants needed to be pre-menopausal and between the ages of 18-54 years. Participants could be on birth control, so long as the method did not hinder them from menstruating each month. Individuals could not participate if they were missing any limbs or had a pacemaker implant. Copies of the results from body composition estimates were given as incentive to participate. All participants indicated that they had a "regular" period, identified as having a period each month.
Protocol
Prior to the start of testing, the study design was approved by the University's Institutional Review Board. All testing was done within the University's exercise physiology laboratory. Participants completed body composition testing in two separate trials. Trial one was on day one or two of their menstrual cycle, referred to as the menstrual phase. Trial two was seven to 14 days after their initial visit. This second trial was estimated to be in the proliferative (preovulatory phase) of the menstrual cycle (20) and thus was referred to as the pre-ovulatory phase. It should be noted that in this study, women on hormonal birth control (BC) were welcome to participate. Though being on hormonal birth control stops the woman from International Journal of Exercise Science http://www.intjexersci.com 1239 ovulating, we still referred to the BC group's trial two as the "pre-ovulatory phase" as we did for the non-BC group, which consisted of women not on hormonal birth control.
Testing procedures were the same for both trials. Before arriving to the laboratory, participants were given the same pre-participation instructions in order to standardize conditions during testing. Prior to testing participants were asked to abstain from eating or drinking, with the exception of water, for four hours, exercise 12 hours, and alcohol consumption for 24 hours. They were also asked to wear comfortable and light athletic attire free of metal. For the BOD POD® assessment, they were required to wear a swim cap, lycra compression shorts, and a sports bra. Upon consent, participants completed two questionnaires: a demographic questionnaire and a body satisfaction and bloatedness questionnaire. The demographic questionnaire inquired about duration of menstrual cycle and birth control information. The body satisfaction questionnaire, which was completed at both trials, had participants identify current levels of satisfaction with overall body appearance as well as individual parts of the body using a 0-100% satisfaction scale. Additionally, participants were asked how bloated they felt on a four point Likert scale (1 = none at all, 2 = slightly, 3 = moderate, 4 = extremely). Participants were informed to fill out the body satisfaction questionnaire based on how they felt in that moment. Before body composition assessments began, they were asked to void their bladder, then remove shoes, metal, and jewelry. Height and body mass were taken per the Tanita WB-3000 digital physician's scale. After each method was complete, participants were given copies of their results along with an explanation of the values. All testing procedures were repeated during the second trial.
Bioelectrical Impedance Analysis (BIA): Bioelectrical impedance analysis was conducted using three different models: Tanita BC-418 (TANITA Corporation of America, Inc., Arlington Heights, IL), InBody 230 (Biospace, Inc., Los Angeles, CA), and InBody 720 (Biospace, Inc., Los Angeles, CA). BIA works by sending small electrical currents throughout the body in order to detect the impedance, or resistance, to the electrical signal (frequency). All three devices estimate body composition by utilizing manufacturer-specific patented equations, which take into consideration variables such as age, height, weight, gender, and impedance. The physiological framework behind this methodology is that muscle is composed of a much larger quantity of water than fat is (3). Using this basis, it is possible that a higher percentage of fat-free mass could be estimated if an individual had a higher percentage of total body water. The Tanita BC-418 utilizes only one frequency, 50 kHz, for analysis (18) . The InBody 230 is a portable analyzer which utilizes two different frequencies, 20 and 100 kHz (16) . Impedance measures are performed through both arms, legs, and the trunk of the body using these two frequencies. Both of these devices estimate multiple variables including BF% and TBW. The InBody 720 utilizes six different frequencies (1, 5, 50, 250, 500, and 1000 kHz) to produce impedance values (18) . Both the InBody 230 and 720 models run multiple impedance measurements based on frequency and body segment. In addition to estimating the same body composition variables as the previous two models, the InBody 720 also estimates intracellular water (ICW), fluid located inside of the cells, and extracellular water (ECW), or water located outside of the cells.
International Journal of Exercise Science http://www.intjexersci.com 1240 Each piece of equipment was properly maintained per manufacturer specifications. All three models utilized both hand and foot electrodes, which were used to send the current through the body of the participant for analysis. Age, sex, and height were manually entered into each device prior to assessment. Before stepping onto both the InBody 230 and 720, an antibacterial InBody tissue cloth was used to cleanse the palms of hands and bottoms of the feet. The hand and foot electrodes of the Tanita BC-418 were cleaned thoroughly with an antibacterial wipe prior to testing. Participants stood barefoot on each device, lining heels up with the posterior electrodes and their forefoot up with the anterior electrodes. After identifying correct feet placement, body mass was taken via the scale in each BIA. After body mass was measured, participants were instructed to grab the handles, which contained electrodes that would come into contact with each hand, and hold the handles at their sides away from the torso and to remain still for the duration of each assessment. Dual-energy X-ray Absorptiometry (DXA): A total body dual-energy x-ray absorptiometry (DXA) scan was completed using the GE Lunar iDXA (GE Healthcare, Madison, WI). DXA utilizes two x-ray beams with different energy levels to estimate body composition. Participants layed in the supine position on the padded scanning table. During the assessment, individuals were instructed to lay still and refrain from talking. This scan took seven to 14 minutes depending on the height and body mass of the participant. After the scan was complete, a trained researcher adjusted regions of interest per manufacturer specifications.
Air Displacement Plethysmography (ADP): Air displacement plethysmography (ADP) was performed by using the BOD POD® (COSMED USA, Concord, CA). The BOD POD® was calibrated each day per manufacturer specifications. This methodology uses air displacement to provide estimates for body volume, which in turn is used to estimate BF% and fat-free mass. After performing the pre-test calibration as instructed by the manufacturer, participants were asked to enter the BOD POD®. This assessment requires two to three trials, each trial lasting approximately 50 seconds. During each trial, participants were asked to remain still, refrain from talking, and breathe normally.
Statistical Analysis
All statistical analyses were completed using SPSS for Microsoft Windows (version 24.0; IBM Corp., Armonk, NY). Descriptive statistics were calculated for age, height, body mass, duration of cycle, and number of days between trials. A one-way analysis of variance (ANOVA) was performed on the items of the body satisfaction questionnaire in addition to each body composition variable to assess the differences between the BC and non-BC groups. A repeated measures ANOVA was used to compare the BC and non-BC groups by trial. A paired-samples t-test was performed to identify changes body composition variables between trials for each group. A paired-samples t-test was performed for each question of the body satisfaction questionnaire to assess differences in satisfaction scores between trials for each group. Finally, Chi-Square analysis was used to determine any relationship between categorical variables of birth control use and bloatedness. All analyses were set at an alpha level of 0.05.
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RESULTS
A total of 39 women (mean age = 26 ± 7 yrs) participated in the study. Of these women, 15 were on hormonal birth control (BC) and 24 were not (non-BC). Descriptive information is found in table 1. There was a significant difference in ECW between trials (P = 0.022). There was no trial by group interaction for TBW, ICW, or ECW (P > 0.05). Paired samples t-test revealed no differences for the BC group between trials (table 4) . There were no significant differences for the non-BC group between trials, with the exception of ECW (table 5) .
Body Satisfaction: When participants were asked "what is your current level of satisfaction with the overall appearance of your body?" there was a significant difference when comparing responses between menstruation and the pre-ovulatory phase for BC females (menstruation = 63.3 ± 14.0%, pre-ovulatory = 70.7 ± 10.3%, P = 0.006). In contrast, non-BC females did not have In regards to specific parts of the body, there were no significant differences between the two phases for either BC or non-BC females when they were asked about satisfaction of their legs, arms and buttocks as shown in figure 1 and figure 2 . Both BC and non-BC females showed significant differences between phases when asked about satisfaction of their stomach/abdominal region. A one-way ANOVA revealed no significant differences between the BC and non-BC groups on any questions of the body satisfaction questionnaire (P > 0.05). International Journal of Exercise Science http://www.intjexersci.com 1243 Individuals were asked to rank their feelings of fluid retention, or "bloating", on a 1 to 4 scale (1 = none at all, 2 = slightly, 3 = moderate, 4 = extremely). When assessing the responses between trial one and trial two, perception of bloating was significantly different between the two phases for both BC and non-BC females ( figure 3 ). Chi-square analyses revealed that International Journal of Exercise Science http://www.intjexersci.com 1244 feelings of bloatedness were not different for either group at both trials (P = 0.774 and P = 0.435, respectively).
DISCUSSION
The purpose of this research was to utilize several different technologies to compare body composition assessments across two phases of the menstrual cycle, including BIA, DXA, and ADP, and to investigate the effects of birth control on the reliability of body composition results. The secondary purpose was to determine if body satisfaction or perception of fluid retention differed across phases or between groups. Overall, results indicate that the menstrual cycle may not affect body composition results across multiple methods. Though there was a significant difference in ECW for the non-BC group across the two phases, this difference was not enough to significantly alter BF% or TBW results.
White and colleagues (32) identified that there was a significant fluctuation in fluid retention throughout the menstrual cycle, where fluid retention peaked on day one of menstrual flow and then reached its lowest point immediately post-menstrual cycle. Fluid retention then saw a gradual rise from five days prior to ovulation up until the next onset of flow. One idea is that the bloated feelings that are associated with menses could be a result of fluid retention shifts and hormonal changes throughout the cycle (6, 32) . With this in mind, it was hypothesized that TBW would be significantly higher during menses than in the pre-ovulatory phase. Of studies that have been done to assess body composition throughout the menstrual cycle, changes in TBW have had conflicting results. Some studies have identified no fluctuation in TBW (6) while others have seen fluctuations through certain points of the cycle (22, 29) . However, much of this research was done using early BIA technology, which utilized only single frequency bioelectrical impedance analyzers. The inconsistencies in results among these studies might be attributed to the use of this early technology. BIA has evolved in the last decade and these technological advancements support the need for updated research on body composition throughout the menstrual cycle using the latest BIA equipment.
In the past, research that assessed changes in body composition throughout the menstrual cycle has not included women utilizing hormonal BC. The current investigation found no significant differences in any of the TBW estimates between menses and pre-ovulation for either the BC or non-BC groups among the Tanita BC-418, InBody 720, or InBody 230. These results support that birth control may not alter the reliability of BIA results at different phases of the menstrual cycle. Due to the fact that females indicated that they felt significantly more bloated while menstruating than in the pre-ovulatory phase, it was thought that TBW would be significantly different between stages of the cycle on each BIA. These data suggest that the bloated feeling experienced during the menstrual cycle is not due to a significant increase in TBW as estimated by the Tanita BC-418, InBody 720, or InBody 230.
When analyzing BF% differences during menses and the pre-ovulatory phase, no significant differences were seen in DXA, BIA, or BOD POD® for either group. These results are similar to previous research using only BIA, which cited no differences in BF% in different phases of the International Journal of Exercise Science http://www.intjexersci.com 1245 cycle (6, 10, 29) . Though BF% and TBW remained consistent throughout the cycle for all methodologies, ECW was significantly different between trials for the non-BC group. Specifically, ECW was higher during menstruation. Perhaps this can be explained by the heavier menstrual flow for non-BC participants compared to the BC group.
When assessing the BC group, no significant differences were seen in BF% between menstruation and pre-ovulatory phase using any of the three methodologies. Overall, these data suggest that females on birth control can complete body composition testing using BIA, or other methods, on their menstrual cycle without affecting the reliability of results.
When assessing the non-BC group, there were no significant differences in BF% between menstruation and pre-ovulation for any of the three methodologies. Therefore, results suggest that the reliability of body composition assessments should not be affected by whether or not a woman is on birth control.
Body composition results can be used in a variety of populations. In the general population, BF% estimates are utilized to assess health risk and prescribe an appropriate exercise regimen. The reliability of these results is especially important when tracking an individual's progress over time. In order to make results as accurate as possible, manufacturers of body composition equipment have set forth guidelines as to what participants should eat, drink, wear, and exercise limitations prior to assessment. This research was important to provide guidance on when women should assess their BF% throughout their menstrual cycle in order to see the most accurate results. Results from the current investigation suggest that BF% should not be affected by whether or not a woman is menstruating at the time of testing if they are being assessed with iDXA, BOD POD®, Tanita BC-418, InBody 720 or InBody 230.
The current investigation also assessed satisfaction of overall appearance, as well as for individual parts of the body (e.g. legs, buttocks, arms, and stomach/abdominal region). Though overall body satisfaction did not change due to menstruation for the non-BC group, significant differences were seen between the two menstrual phases for the BC group. Past research has noted higher levels of appearance anxiety and negative body image associated with higher levels of fluid retention, or bloating (5). The fact that body satisfaction did not fluctuate in the non-BC group was unexpected, as women did report feeling significantly more bloated during menses in both the BC and non-BC groups. Teixeira et al. (27) reported that body dissatisfaction was highest during menses and then significantly declined postmenstruation, though it should be noted that a different scale was used between the studies. This decline in body dissatisfaction was then maintained until flow began again (27) . Therefore, further research may need to be done to better identify what could potentially cause fluctuations of body satisfaction throughout the menstrual cycle for different groups of women.
No significant changes in individual body part satisfaction between the menstrual and preovulatory phase of the cycle were discovered with exception to the stomach/abdominal region. These results are in line with the original hypothesis that bloating or fluid retention International Journal of Exercise Science http://www.intjexersci.com 1246 during menstruation would cause satisfaction in the stomach/abdominal region to decrease. Bloating was consistent with women's satisfaction with their stomach/abdominal region, with high dissatisfaction during menstruation.
Some strengths of this study design were that body composition was assessed using five different pieces of valid and reliable body composition equipment (1-3, 9, 11, 13, 15-19, 24, 30,  33) . Much of the research on body composition throughout the menstrual cycle was done utilizing earlier BIA technologies. This can be limiting, as technology has changed, and thus so has the abilities of body composition equipment. The methodologies used in the current study range in cost and availability to the general public. That being said, using this wide range of methodologies supports the idea that body composition estimates are not adversely affected by menstruation in a variety of settings (e.g. research lab, hospital, doctor's office, fitness settings, etc.) Additionally, this is the first study that researchers were able to find that analyzed the body composition results between the menstrual cycle phases for women on hormonal birth control. The BC group's body composition results remained stable throughout menses and preovulation using all three methodologies. Therefore, this study has provided new data to support that women on birth control may have consistent body composition estimates throughout the menstrual cycle phases.
Though the study had several strengths, there were some limitations. The investigation only tested women during two phases of the menstrual cycle, the menstrual phase and estimated pre-ovulation phase. Further research is warranted to see if the consistency of body composition results remains throughout the later phases, identified as the luteal or secretory phase (20) , leading up to menstruation. However, body fat percentage may actually change due to caloric balance shifts caused by a regular fitness routine and/or caloric intake adjustments over the course of the month. Therefore, caution should be taken with this type of study design. It should also be noted that a majority of the sample was young, and that perhaps results would differ with a primarily older sample, specifically those experiencing pre-menopause. Though pre-menopausal women continue to ovulate, their period is known to become less regular as they approach menopause and see shifts in reproductive hormone levels such as estradiol, progesterone, LH, and FSH (4, 7, 12, 21, 25) . As previously stated, all females in this investigation indicated that they experience regular cycles. Perhaps the irregularity of menses in pre-menopausal women and hormonal shifts could yield different results in body composition throughout the menstrual cycle and further investigation is warranted. Finally, although women were encouraged to consume water as they normally would and voided their bladders prior to testing, hydration status was not assessed.
Overall, the results of this study suggest that the body composition results should not be affected by the menstrual cycle. When tracking BF%, these findings propose that females do not need to be tested at the same point in their menstrual cycle each month in order to get accurate BF% or TBW estimates when using the DXA, BOD POD®, Tanita BC-418, InBody 230, and InBody 720. It additionally supports that reliability is not affected by whether or not a International Journal of Exercise Science http://www.intjexersci.com 1247 woman is on birth control. Furthermore, though it was originally hypothesized that body satisfaction could fluctuate throughout the menstrual cycle, females displayed consistent overall body satisfaction throughout the menstrual and estimated pre-ovulatory phase for the non-BC group. Body satisfaction was significantly lower during menses for the BC group, however. Additionally, differences in satisfaction were discovered in the stomach/abdominal region between the two phases of the menstrual cycle, with higher levels of dissatisfaction during menstruation. These data were also associated with increased feelings of bloatedness. Therefore, though females may feel that they are more bloated and heavier throughout their menstrual cycle, those feelings are not accompanied by shifts in body composition results.
